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INTRODUCTION  ^ 

if  £ 

Several  cytokines  are  produced  by  IL-2  stimulated  PBL 
(Kovacs  et  al,  1989a7>and  many  of  these  mediators  are  capable  of 
either  directly  or  indirectly  inducing  fibroblast  proliferation 
and  connective  tissue  (collagen)  deposition  (Freundlich  et  al, 
1986)  .  -->It  has  been  shown  that  macrophages,  for  example,  produce 
several  growth  factors  for  fibroblasts,  including  interleukin-1 
(IL-1;  Schmidt  et  al,  19827,..  tumor  necrosis  factor-a.  (TNFa; 

Beutler  et  al,  1985)  ,c;platelet  derived  growth  factor^,  (PDGF; 
Shimakado  et  al,  1985) ,  fibroblast  growth  factor  (FGF;  Baird  et 
al,  1985)  ,  and  TGF6  (Assoian  et  al,  1987)  .*->Two  of  these 
cytokines,  TGFB  and  PDGF  are  highly  f ibrogenic^(Sporn  and 
Poberts,  1986) . Aberrant  production  of  these  mediators  in  animal 
models  of  lung  fibrosis  have  demonstrated  that  activated 
macrophages  secrete  cytokines  which  induce  the  proliferation  of 
cultured  fibroblasts , (Kovacs  and  Kelley,  1985a).  An  examination 
of  the  connective  tissue  production  in  a  macrophage-fibroblast 
co-culture  system  revealed  that  the  effect  of  macrophages  on 
fibroblast  collagen  /synthesis  can  be  both  qualitative,  as  well  as 
quantitative,  with  an  increase  in  the  ratio  of  type  III  relative 
to  type  I  collagen  produced  (Kelley  et  al,  1981) . 

The  studies  described  herein  involve  a  multifaceted  analysis 
of  the  role  of  fibrogenic  cytokines  in  the  production  of  scar 
tissue.  It  includes  1)  the  induction  of  fibroblast  proliferation 
and  connective  tissue  production  by  mediators  produced  by  PBL 
and,  2)  the  expression  of  genes  which  code  for  cytokines  (PDGF 
and  TGF-fl)  reported  to  trigger  the  production  of  connective 

tissue.  _ _ 
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INTRODUCTION 


MATERIALS  AMD  METHODS 


Reagents .  Human  recombinant  IL-2  was  provided  by  Dr.  Craig 
Reynolds  (Biological  Response  Modifiers  Program,  Frederick,  MD) . 
PDGF,  TGF-B  and  antibody  against  TGF-B  were  purchased  from  R  &  D 
Systems  (Minneapolis,  MN) .  Antibody  against  PDGF  AB  heterodimer 
was  obtained  from  Genzyme  (Boston,  MA) . 

Isolation  of  subpopulations  of  PBL  and  generation  of 
supernatant  fluids.  PBL  obtained  from  normal  healthy  volunteers 
were  incubated  at  a  density  of  2  x  106  cells/ml  in  AIM  V  or  RPMI 
1640  containing  1%  fetal  bovine  serum  (FBS) ,  100  u/ml  penicillin 
sulfate,  100  ug/ml  streptomycin,  2  mM  glutamine  (GIBCO,  Grand 
Island,  NY)  with  100  U/ml  IL-2  as  described  (Beckner  et  al, 

1987) .  Cells  and  supernatants  were  harvested  at  various  times 
for  measurement  of  growth  factor  and  connective  tissue  inducing 
activities  and  cytokine  mRNA  expression.  In  some  studies 
adherent  and  non-adherent  cell  populations  were  separated  as 
previously  described  (Kovacs  et  al,  1989a) . 

Purified  monocytes  were  obtained  after  incubation  for  2 
hours,  followed  by  removal  of  non-adherent  cells.  Monocytes  were 
incubated  overnight  to  allow  for  the  induction  and  diminution  of 
adherence  induced  expression  of  cytokine  mRNAs  previously 
reported  by  Fulhbrigge  and  coworkers  (Fulhbrigge  et  al,  1987) . 

The  following  morning  fresh  medium  was  added  with  or  without  IL-2 
(100  U/ml)  or  LPS  (10  ug/ml)  for  5  hours  (for  RNA  analysis)  or  18 
hours  (for  assessment  of  biological  activity) . 

Fibroblast  proliferation  assays.  NIH  3T3  cells  and  a  rat 
lung  fibroblast  cell  line  (designated  RL6.88,  a  rat  lung 
fibroblast  cell  line  derived  in  the  laboratory  from  an  adult  male 
Sprague  Dawley  rat)  were  cultured  in  Dulbecco's  Modified  Eagle's 
Medium  with  10%  FBS,  penicillin  (100  u/ml)  streptomycin  (100 
ug/ml)  and  glutamine  (2  mM)  in  an  atmosphere  of  5%  C02  in  air  at 
37°C .  Incorporation  of  3H-TdR  was  used  as  an  index  of  DNA 
synthesis  according  to  the  method  of  Glenn  and  Ross  (Glenn  and 
Ross,  1981)  modified  by  Kovacs  and  Kelley  (Kovacs  and  Kelley, 
1985a) .  In  brief,  fibroblasts  were  plated  and  grown  to 
confluency.  Putative  growth  factor  containing  media  were  added 
in  triplicate  for  18  hours  after  which  cells  were  pulsed  for  2 
hours  with  3H-TdR.  3H-TdR  incorporation  was  quantitated  by  liquid 
scintillation  counting.  Fresh  medium  containing  10%  FBS  served 
as  a  positive  control.  This  level  ranged  from  8,000  to  29,000 
cpm  over  the  course  of  these  studies.  The  amount  of  3H-TdR 
incorporation  triggered  in  fibroblasts  by  medium  containing  10% 
FBS  was  always  5-fold  that  of  cells  cultured  in  medium  without 
FBS. 


For  cell  proliferation  studies,  NIH  3T3  cells  were  seeded  at 
2,000  cells/well  (in  0.2  ml  RPMI  1640  medium  with  1%  FBS)  in  96 
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well  plates  and  test  media  were  added  in  triplicate.  After  4 
days,  media  were  removed,  cells  were  washed  with  phosphate 
buffered  saline,  fixed,  and  stained  with  0.2%  crystal  violet  in 
2%  ethanol.  Bound  dye  was  eluted  in  0.2  ml  of  1%  sodium  dodecyl 
sulfate  and  absorbance  determined  at  570  nm  using  a  Dynatech 
(Chantilly,  VA)  ELISA  plate  reader. 

For  most  studies  we  elected  to  utilize  the  3H-TdR 
incorporation  assay,  because  it  permits  the  analysis  of  direct 
acting  growth.  The  cell  proliferation  assay  was  used  to  confirm 
that  mediators  produced  by  activated  PBL  allow  fibroblasts  to 
complete  the  cell  cycle  and  replicate. 

Quantitation  of  connective  tissue  production.  Collagen 
production  was  measured  in  WI38-VA13  (an  immortalized  human  lung 
fibroblast  cell  line,  ATCC,  Rockville,  MD) .  WI38-VA13  cells  were 

cultured  with  6-aminoproprionitrile  and  ascorbic  acid  in  the 
presence  or  absence  of  supernatants  from  IL-2-treated  PBL  for  24 
hours.  3H-proline  was  then  added  to  the  cultures  for  an 
additional  18  hours.  The  incorporation  of  labelled  proline  into 
collagen  was  quantitated  by  the  release  of  tritium  into  the 
supernatant  following  collagenase  treatment  (Peterkovsky  and 
Diegeman,  1971) .  In  brief,  cell  layer  and  supernatant  were 
collected,  precipitated  with  trichloroacetic  acid,  and  washed. 

The  precipitates  were  treated  with  collagenase  (Form  III; 

American  Biofactures,  Lynbrook,  NY)  and  the  counts  liberated  by 
enzyme  digestion  were  measured  by  liquid  scintillation 
counting. 

Immunoblot  analysis  of  cytokine  protein  levels.  Recombinant 
cytokines  and  supernatants  from  cultured  cells  were  blotted  on 
nitrocellulose  filters.  The  filters  were  blocked  and 
sequentially  incubated  with  primary  and  secondary  antibodies. 
Primary  antibodies  included  antibodies  specific  for  human  PDGF  AB 
(Genzyme)  and  porcine  TGF/31  (R  &  D  Systems)  .  The  anti-TGF/31 
antibody  reacts  with  TGF/31  and  TGF/32.  The  second  antibody  is 
biotin-conjugated  anti-rabbit  IgG.  The  filters  were  then 
incubated  with  avidin-conjugated  alkaline  phosphatase  followed  by 
a  substrate  for  color  development. 

RNA  isolation  and  hybridization.  Fibroblasts  were  cultured 
for  18  hours  with  supernatants  from  IL-2-treated  PBL  or 
recombinant  cytokines  after  which  cells  were  scraped  with  a 
rubber  scraper  into  guanidine-isothiocyanate  (Chirgwin  et  al, 
1979)  and  centrifuged  on  cesium  chloride  density  gradients 
(Glisin  et  al,  1974) .  Monocytes  and  macrophages  were  also 
scraped  into  guanidine-isothiocyanate.  Northern  blot  analysis 
was  performed  using  cDNA  probes  labelled  by  random  priming  with 
32p~dCTP  as  previously  described  (Kovacs  et  al,  1986).  cDNA 
probes  used  in  these  studies  were  obtained  from  the  following 
sources:  procollagen  al(I)  from  Dr.  D.  W.  Rowe  (Univ.  of 
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Connecticut,  Farmington,  CT) ;  rat  fibronectin  from  Dr.  R.  0. 

Hynes  (MIT,  Cambridge,  MA) ;  murine  TGF-fl  was  obtained  from  Dr.  R. 
Derynk  (Genentech,  S.  San  Francisco,  CA) ;  c-sis  (PDGF  B  chain) 
from  ATCC  (Rockville,  MD) ;  and  histone  H4  from  N.  Heinz 
(Rockefeller  Univ,  New  York,  NY) . 
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RESULTS 


Induction  of  fibroblast  proliferation  by  cytokines  secreted 
by  activated  PBL.  Supernatant  fluids  from  IL-2  treated  PBL 
stimulate  the  incorporation  of  3H-TdR  into  quiescent  monolayers 
of  NIH  3T3  fibroblasts  (Table  1) .  A  comparison  of  the  growth 
factor  activity  in  supernatant  fluids  from  PBL  cultured  for  4 
days  with  IL-2  in  serum-free,  defined  medium  (AIM  V)  reveals  that 
the  level  of  growth  factor  activity  is  comparable  to  the  growth 
promoting  activity  in  medium  containing  10%  FBS  (which  serves  as 
a  positive  control) .  This  amount  of  growth  factor  triggers  a  3- 
fold  induction  of  %-TdR  incorporation  over  the  level  of  growth 
factor  activity  in  the  defined  medium.  IL-2  alone  failed  to 
induce  3H-TdR  incorporation  in  confluent  monolayers  of 
fibroblasts  (data  not  shown). 

A  kinetic  analysis  reveals  that  supernatants  collected  after 
24  hours  of  culture  of  PBL  with  IL-2  exhibit  a  2-fold  enhancement 
of  fibroblast  3H-TdR  incorporation  over  the  level  induced  by  PBL 
cultured  in  the  absence  of  IL-2  (Figure  la) .  The  IL-2-induced 
growth  factor  activity  reached  a  peak  at  3-4  days  of  culture  that 
was  4-fold  higher  than  supernatants  collected  from  untreated  PBL. 
NIH  3T3  fibroblasts  exhibit  a  dose  dependent  incorporation  of  3H- 
TdR  in  response  to  supernatants  from  IL-2  treated  PBL  (Figure 
lb)  . 


In  addition  to  time  dependence,  the  production  of  fibroblast 
growth  inducing  mediators  by  PBL  is  dependent  on  the 
concentration  of  IL-2  in  the  medium  (Figure  2).  At  day  3, 
maximal  levels  of  mediators  are  released  by  PBL  when  cultured 
with  100  U/ml  of  IL-2.  Minimal  detectable  levels  of  growth 
factor  activity  is  present  at  3  days  of  culture  with  33  U/ml  of 
IL-2. 


To  confirm  that  growth  factor  activities  secreted  by  IL-2- 
treated  PBL  were  capable  of  triggering  an  increase  in  cell  number 
(and  not  merely  the  induction  of  3H-TdR  incorporation) , 
preconfluent  cultures  of  NIH  3T3  cells  were  incubated  in  the 
absence  or  presence  of  supernatants  for  3  days.  Supernatants 
from  IL-2  treated  PBL  from  18  patients  and  volunteers  prepared  on 
different  days  over  a  5  month  period  of  time  all  trigge.ed  the 
proliferation  of  fibroblasts.  The  stimulation  of  fibroblast 
proliferation  from  individual  samples  ranged  from  2-  to  5-fold 
that  of  fibroblasts  cultured  with  medium  alone  (Table  2) . 

Since  NIH  3T3  cells  are  a  transformed  f ibrrblast-like  cell 
line,  we  wanted  to  confirm  that  the  growth  factor  activity  (or 
activities)  in  supernatants  from  IL-2-treated  PBL  were  capable  of 
triggering  the  proliferation  of  non-transf ormed  cells. 
Supernatants  were  tested  for  growth  factor  activity  on  rat  lung 
fibroblasts.  All  supernatants  tested  induced  proliferation;  the 
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induction  ranged  from  36  to  114%  of  the  proliferation  triggered 
by  medium  containing  10%  FBS. 

Induction  of  fibroblast  proliferation  bv  recombinant 
cytokines.  An  analysis  of  3H-TdR  incorporation  by  NIH  3T3  cells 
revealed  that  PDGF  and  TGF-8  at  doses  of  5  ng/ml  and  2  ng/ml, 
respectively,  were  able  to  trigger  cells  to  enter  the  cell  cycle 
(Figure  3) .  In  contrast,  IL-1B  and  TNF-a  failed  to  stimulate 
quiescent  NIH  3T3  cells.  Studies  using  preconfluent  cells 
confirmed  that  PDGF  and  TGF-B  induce  the  proliferation  of  NIH  3T3 
cells  (Table  2) .  IL-2  alone  had  no  effect  in  either 
proliferation  assay  (data  not  shown) . 

TGF-B,  PDGF,  IL-1B  and  TNF-ct  were  tested  in  pairs  for 
possible  synergistic  actions  on  fibroblast  proliferation.  These 
studies  revealed  that  pairs  of  cytokines  tested  at  suboptimal 
doses  acted  additively,  not  synergistically ,  on  the  proliferation 
of  fibroblasts  (data  not  shown) . 

Since  it  was  apparent  that  TGF-B  and  PDGF  were  the  cytokines 
best  able  to  trigger  fibroblast  3H-TdR  incorporation  and  cell 
proliferation  and  that  these  activities  might  be  present  in  the 
supernatant  fluids  from  IL-2  treated  PBL,  we  attempted  to  block 
growth  factor  activities  with  polyclonal  antibodies  against  TGF- 
B,  and  PDGF  AB  heterodimer.  In  several  attempts  with  different 
supernatant  preparations  antibodies  failed  to  inhibit  the 
induction  of  fibroblast  3H-TdR  incorporation  by  fibroblasts  (data 
not  shown) .  These  negative  results  suggest  1)  that  TGF-B  and 
PDGF  are  not  the  only  cytokines  responsible  for  the  proliferation 
of  fibroblasts  induced  by  supernatants  from  IL-2  treated  PBL,  2) 
that  other  forms  of  these  cytokines  (namely  PDGF  AA  homodimer, 
PDGF  BB  homodimer,  TGF-B2,  and  TGF-B3)  are  the  mediators  involved 
in  the  induction  of  fibroblast  proliferation,  or  3)  that  the 
levels  of  antibodies  tested  were  not  adequate  to  inhibit  the 
growth  factor  activities.  In  support  of  the  third  possibility, 
Raines  and  coworkers  (Raines  et  al,  1989)  stated  that  it  is 
difficult  to  inhibit  PDGF  activity  with  antibodies  against  PDGF. 

Induction  of  collagen  and  fibronectin  gene  expression  in 
fibroblasts  following  treatment  with  cytokines  derived  from  IL-2 
treated  PBL.  Initially,  co-culture  studies  were  performed,  in 
which  PBL  were  incubated  with  confluent  monolayers  of  human  lung 
fibroblasts,  WI38-VA13,  in  the  presence  or  absence  of  IL-2. 

These  investigations  detected  in  a  3-fold  increase  in  expression 
of  the  a  chain  of  type  I  procollagen  mRNA  in  fibroblasts  treated 
with  PBL  and  IL-2  over  that  of  cells  treated  with  IL-2  alone  or 
PBL  without  IL-2  (data  not  shown) .  Subsequent  experiments 
revealed  that  cell  contact  was  not  required  for  the  stimulation 
of  procollagen  gene  expression.  Mediators  are  elaborated  by  IL-2 
treated  PBL  which  induce  fibroblasts  to  express  the  a  chain  of 
type  I  procollagen  mRNA,  as  well  as  fibronectin  mRNA  (Figure  4) . 
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Scanning  densitometric  analysis  of  the  expression  of  the  a  chain 
of  type  I  procollagen  mRNA  showed  that  supernatants  from  3  day 
cultures  of  PBL  with  IL-2  induced  3-fold  the  level  of  procollagen 
mRNA  as  did  cells  treated  with  medium  alone  (Table  3) . 

The  production  of  total  collagen  protein  was  measured  by 
collagenase  digestion  of  3H-proline  labelled  protein  as  described 
in  Methods.  Table  4  shows  that  there  was  a  55%  increase  in  the 
amount  of  collagen  synthesis  in  WI38-VA13  fibroblasts  cultured 
with  3  day  a  supernatant  over  that  of  untreated  cells.  Treatment 
of  WI38-VA13  cells  with  supernatants  from  P3L  cultured  for  3  days 
in  the  absence  of  IL-2  caused  a  modest  13%  increase  in  collagen 
synthesis,  which  may  be  attributed  to  the  growth  factor 
activities  in  AIM  V  medium.  Collagen  production  was  not  enhanced 
by  treatment  of  fibroblasts  with  IL-2  alone  (data  not  shown) . 

Expression  of  TGF-B  and  PDGF  B  chain  mRNAs  in  IL-2  treated 
PBL.  An  analysis  of  the  expression  of  cytokine  genes  reveals 
that  mRNAs  coding  for  TGF-B  (Figure  5a)  and  PDGF  B  chain  (Figure 
5b)  are  expressed  in  PBL  treated  with  IL-2.  TGF-B  is  not 
spontaneously  expressed  by  non-adherent  PBL  (Figure  5a) ,  but  can 
be  induced  as  soon  as  2  hours  after  the  addition  of  IL-2.  TGF-B 
mRNA  is  expressed  in  both  non-adherent  and  adherent  cells  after 
IL-2  treatment  (data  not  shown) ,  suggesting  either  that  1) 
multiple  cell  types  contained  within  in  the  mixed  population  of 
PBL  may  be  capable  of  expressing  TGF-B  mRNA  in  response  to  IL-2 
stimulation,  or  2)  a  single  cell  type,  such  as  monocytes  or  LGL, 
exhibiting  both  adherent  and  non-adherent  characteristics 
expresses  TGF-B.  The  kinetics  of  expression  of  TGF-B  mRNA  in 
non-adherent  cells  reveals  that  TGF-B  mRNA  reaches  a  peak  at  2 
hours  after  treatment  with  IL-2  and  remains  elevated  for  several 
days.  Whether  the  sustained  expression  of  TGF-B  mRNA  is  a  result 
of  continuous  transcription  or  an  altered  half  life  of  the 
message  is  unclear. 

In  contrast  to  TGF-B  mRNA,  only  the  adherent  population  of 
PBL  expressed  PDGF  genes.  Non-adherent  PBL  do  not  express 
appreciable  levels  of  PDGF  A  chain  and  B  chain  mRNAs  in  the 
presence  or  absence  of  IL-2  stimulation  (data  not  shown) .  PDGF  B 
chain  mRNA  is  not  spontaneously  expressed  by  adherent  PBL  (Figure 
5b) ,  but,  like  TGF-B,  can  be  induced  following  treatment  with  IL- 
2.  The  kinetics  of  expression  of  PDGF  B  chain  mRNA  differ  from 
that  of  TGF-B.  PDGF  B  chain  mRNA  is  detectable  at  2  hours  of 
stimulation  with  IL-2,  reaches  a  peak  at  18  hours,  and  gradually 
returns  to  baseline  levels. 

To  confirm  that  cytokine  proteins  were  being  elaborated  by 
IL-2  treated  PBL  supernatants  were  collected  after  18  or  72  hours 
for  immunoblot  analysis.  Data  shown  in  Figures  6a  and  6b  reveal 
that  both  TGF/3  and  PDGF  B  chain  proteins  are  produced  and 
secreted  by  PBL  following  IL-2  treatment. 
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DISCUSSION 


Our  data  demonstrate  that  mediators  produced  by  IL-2-treated 
PBL  are  capable  of  inducing  the  proliferation  of  fibroblasts  and 
the  production  of  connective  tissue.  Furthermore,  Northern  blot 
analysis  reveals  that  genes  which  code  for  TGF-6  and  PDGF  B  chain 
are  expressed  in  IL-2-treated  PBL. 

The  role  of  cytokines  in  the  production  of  connective  tissue 
is  not  unique  to  this  system.  Aberrant  production  of  cytokines 
has  been  reported  in  animal  models  of  lung  fibrosis  (Kovacs  and 
Kelley,  1985a) .  For  example,  mediators  elaborated  by  interferon- 
gamma  treated  mononuclear  cells  stimulate  the  proliferation  of 
cultured  lung  fibroblasts  (Kovacs  and  Kelley,  1985b) .  In 
addition,  evidence  suggests  that  a  PDGF-like  protein,  probably 
derived  from  monocytes  (Shimakado  et  al,  1985),  is  responsible 
for  the  pathogenesis  of  atherosclerosis  (Ross,  1986) . 

Furthermore,  several  groups  have  reported  on  the  role(s)  of  PDGF 
and  TGF-6  in  wound  healing  (Grotendorst  et  al,  1981;  Cormack  et 
al,  1987;  Lynch  et  al,  1987). 

The  cell  type  within  the  mixed  population  of  PBL  which 
expressed  TGF-6  and  PDGF  B  chain  raRNAs  in  this  study  has  not  been 
determined.  Reports  have  shown  that  several  cell  types  are 
capable  of  producing  TGF-6,  including  T  lymphocytes  (Kehrl  et  al, 
1986)  and  monocytes  (Assoian  et  al  1987) .  In  contrast,  the 
monocyte  is  the  only  immune  cell  which  has  been  reported  to 
produce  PDGF-like  proteins  (Shimakado  et  al  1985)  and  express  the 
genes  which  code  for  PDGF  A  chain  (Sariban  and  Kufe,  1988)  and  B 
chain  mRNAs  (Martinet  et  al,  1986) .  These  reports  are  supported 
by  the  fact  that  the  monocyte-enriched  adherent  (and  not  the  non¬ 
adherent)  fraction  of  the  PBL  express  PDGF  B  chain  mRNA  (Figure 
5b)  . 


Although  other  cytokines,  including  IL-la,  IL-16,  and  TNF-a , 
are  produced  by  IL-2  treated  PBL  in  vivo  (Kasid  et  al,  1989; 
Gremlo  et  al,  1988)  and  in  vitro  (Kovacs  et  al,  1989a) ,  in  our 
hands,  these  cytokines  do  not  directly  stimulate  fibroblast 
proliferation  or  connective  tissue  production  in  vitro.  This 
suggests  that  either  IL-1  and  TNF-a  are  not  involved  in  the 
activation  of  collagen  gene  expression  or,  alternatively,  that 
they  act  indirectly.  It  is  possible  that  their  actions  are 
mediated  by  triggering  the  production  of  secondary  cytokines  or 
arachidonic  acid  metabolites.  Recent  evidence  suggests  that,  at 
least  for  IL-1,  the  induction  of  fibroblast  proliferation,  which 
was  initially  reported  by  Schmidt  and  coworkers  (Schmidt  et  al, 
1982) ,  involves  secondary  cytokines.  IL-1  apparently  acts  on 
fibroblast  growth  indirectly  by  inducing  the  fibroblasts  to 
secrete  PDGF  A  chain  homodimer,  which  in  turn  stimulates  cells  to 
enter  the  cell  cycle  (Raines  et  al,  1989). 

Investigation  of  the  control  of  expression  of  fibrogenic 
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cytokines  produced  by  IL-2-stimulated  PBL  and  their  role  in  the 
production  of  scar  tissue  is  of  immediate  clinical  relevance. 
Information  about  the  induction  of  expression  of  fibrogenic 
cytokines  by  IL-2  (and  other  immune  mediators) ,  as  well  as  the 
response  of  cells  to  those  factors,  will  enable  us  to  develop 
methods  by  which  their  effects  can  be  suppressed  and/or 
eliminated.  In  addition,  the  results  of  these  studies  are  also 
directly  relevant  to  the  control  of  the  aberrant  wound  healing 
which  is  the  hallmark  of  a  variety  of  diseases  including 
atherosclerosis  and  pulmonary  fibrosis. 


9 


REFERENCES 


1.  Assoian,  R.  K. ,  B.  E.  Fleurdelys,  H.  C.  Stevenson,  P. 

J.  Miller,  D.  K.  Madtes,  E.  W.  Raines,  R.  Ross,  M.  B. 

Sporn.  Expression  and  secretion  of  type  6  Transforming 
growth  factor  by  activated  macrophages.  Proc.  Natl. 

Acad.  Sci.  84:6020-6024,  1987. 

2.  Baird,  A.,  P.  Mormede,  and  P.  Bohlen.  Immunoreactive 
fibroblast  growth  factor  in  cells  of  peritoneal  exudate 
suggest  its  identity  with  macrophages  derived  growth  factor. 
Biochem.  Biophys.  Res.  Commun.  126:358-364,  1985. 

3.  Beckner,  S.  K. ,  A.  E.  Maluish,  and  D.  L.  Longo. 

Lymphokine  activated  killer  cells:  culture  conditions 
for  the  generation  of  maximal  in  vitro  cytotoxicity. 

Cancer  Res.  47:5504-5508,  1987. 

4.  Berek,  J.  S.,  R.  C.  Knapp,  N.  F.  Hacker,  A. 

Lichtensteim,  T.  Jung,  C  Spina,  R.  Obirst,  C.  T. 

Griffiths,  R.  S.  Berkowitz,  L.  Parker,  J.  Zighelboim, 
and  R.  C.  Bast,  Jr.  Intraperitoneal  immunotherapy  of 
epithelial  ovarian  carcinoma  with  C.  parvum.  Am.  J. 

Obstet.  Gynecol.  152:1003-1010,  1985. 

5.  Beutler,  B. ,  J.  Mahoney,  N.  Le  Trany,  and  A.  Cerami.  A 
purification  of  cachectin,  a  lipoprotein  lipase¬ 
suppressing  hormone  secreted  by  endotoxin  induced 
RAW264.7  cells.  J.  Exp.  Med.  161:984-995,  1985. 

6.  Chirgwin,  J.  M. ,  A.  E.  Przybyla,  R.  J.  McDonald,  and  W. 

J.  Rattner.  Isolation  of  biologically  active 
ribonucleic  acid  from  sources  rich  in  ribonuclease . 
Biochemistry  18:5294-5299,  1979. 

7.  Cormack,  D.  T.,  M.  B.  Sporn,  A.  B.  Roberts,  M.  J. 

Merino,  L.  L.  Dart,  and  J.  A.  Norton.  Transforming 
growth  factor-6  levels  in  rat  wound  chambers.  J.  Surg. 

Res.  42:622-628,  1987. 

8.  Freundlich,  B.,  J.  S.  Bomalaski,  E.  Neilkson,  and  S.  A. 
Jimenez.  Regulation  of  fibroblast  proliferation  and 
collagen  synthesis  by  cytokines.  Immunol.  Today  7:303- 
307,  1986. 

9.  Fulhbrigge,  R.C.,  D.D.  Chaplin,  J.-M.  Kiely,  and  U.R. 

Unanue.  Regulation  of  interleukin-1  gene  expression  by 
adherence  and  lipopolysaccharide .  J  Immunol  138:3799-3802, 
1987. 


10 


10.  Glenn,  K.  C.  and  R.  Ross.  Human  monocyte-derived  growth 
factor(s)  for  mesenchymal  cells.  Cell  25:603-615,  1981. 

11.  Glisin,  V. ,  R.  Crvenjqakav,  and  C.  Byus.  Ribonucleic 
acid  isolation  by  cesium  chloride  centrifugation. 
Biochemistry  13:2633-2637,  1974. 

12.  Gremlo,  B.  T. ,  M.  A.  Pallidino,  Jr.,  H.  S.  Jaffe,  T.  P. 
Espevik,  and  A.  A.  Rayner.  Circulating  cytokines  in 
patients  with  metastatic  cancer  treated  with 
recombinant  interleukin-2  and  lymphokine  activated 
killer  cells.  Cancer  Res.  48:5864-5867,  1988. 

13.  Grotendorst,  G.  R. ,  H.  E.  Seppa,  H.  K.  Kleinman,  and  G. 

M.  Martin.  Attachment  of  smooth  muscle  cells  to 
collagen  and  migration  towards  PDGF.  Proc.  Natl.  Acad. 
Sci.  78:3669-3672,  1981. 

14.  Kasid,  A.,  E.  P.  Director,  and  S.  A.  Rosenberg. 

Induction  of  endogenous  cytokine  mRNA  in  circulating 
peripheral  blood  mononuclear  cells  by  IL-2 
administration  to  cancer  patients.  J.  Immunol. 
143:736-739,  1989. 

15.  Kehrl,  J.  H. ,  L.  M.  Wakefield,  A.  B.  Roberts,  S.  Jakowlew 
M.  Alvarez-Mon,  R.  Derynck,  M.  B.  Sporn,  and  A.  S.  Fauci. 
Production  of  transforming  growth  factor  B  by  human  T 
lymphocytes  and  its  potential  role  in  the  regulation  of  T 
cell  growth.  J.  Exp.  Med.  163:10371050,  1986. 

16.  Kelley,  J. ,  L.  Trombley,  E.J.  Kovacs,  G.S.  Davis,  and  M.P 
Absher.  1981.  Pulmonary  macrophages  alter  the  collagen 
phenotype  of  lung  fibroblasts.  J.  Cell.  Physiol.  109:352 

17.  Kovacs,  E.  J.  and  J.  Kelley.  Secretion  of  macrophage- 
derived  growth  factor  during  acute  lung  injury  induced  by 
bleomycin.  J.  Leukocyte  Biol.  37:1-14,  1985a. 

18.  Kovacs,  E.  J.  and  J.  Kelley.  Lymphckine  regulation  of 
macrophage-derived  growth  factor  secretion  following 
pulmonary  injury.  Am.  J.  Pathol.  121:261-268,  1985b. 

19.  Kovacs,  E.  J. ,  S.  K.  Beckner,  D.  L.  Longo,  L.  Varesio, 
and  H.  A.  Young.  Cytokine  gene  expression  during  the 
generation  of  human  lymphokine  activated  killer  cells: 
Early  induction  of  interleukin-lfl  by  interleukin-2. 

Cancer  Res.  49:940-944,  1989a. 

20.  Kovacs,  E.  J.,  B.  Brock,  L.  Varesio,  and  H.  A.  Young. 

IL-2  induction  of  IL-16  mRNA  expression  in  monocytes: 
Inhibition  by  agents  which  block  second  messenger 
pathways.  J  Immunol.  143:3532-3537,  1989b. 


11 


21.  Kovacs,  E.  J.  ,  B.  Brock,  I.  E.  Silber,  and  J.  E. 

Neuman.  1990.  LAK  cell  expression  of  PDGF  and  TGF-B 
mRNAs.  (eds,  M.C.  Podwanda,  J.  J.  Oppenheim,  M. 

Kluger,  and  C.  A.  Dinarello) ,  Molecular  and  Cellular 
Biology  of  Cytokines.  New  York,  Alan  R.  Liss,  in  press. 

22.  Kovacs,  E.  J. ,  J.  J.  Oppenheim,  and  H.  A.  Young. 

Induction  of  c-fos  and  c-myc  expression  in  T 
lymphocytes  following  treatment  with  IL-la.  J. 

Immunol.  137:3649-3651,  1986. 

23.  Lynch,  S.  E. ,  J.  C.  Nixon,  R.  B.  Colvin,  and  H.  N. 
Antoniades.  Role  of  platelet-derived  growth  factor  in 
wound  healing:  Synergistic  effects  with  other  growth 
factors.  Proc.  Natl.  Acad.  Sci.  84:7696-7700,  1987. 

24.  Martinet  Y. ,  P.  B.  Bitterman,  J.-.F  Mornex,  G.  R. 
Grotendorst,  G.  R.  Martin,  and  G.  R.  Crystal.  Activated 
human  monocytes  express  the  c-sis  proto-oncogene  and  release 
a  mediator  showing  PDGF-like  activity.  Nature  319:158-160, 
1986. 

25.  Peterkovsky,  B.  and  R.  Diegelman.  Use  of  a  mixture  of 
protease-free  collagenases  for  the  specific  assay  of 
radioactive  collagen  in  the  presence  of  other  proteins. 
Biochemistry  10:988-994,  1971. 

26.  Raines,  E.  W. ,  S.  K.  Dower,  and  R.  Ross.  Interleukin-l 
mitogenic  activity  for  fibroblasts  and  smooth  muscle 
cells  is  due  to  PDGF-AA .  Science  243:393-396,  1989. 

27.  Ross,  R.  The  pathogenesis  of  atherosclerosis  -  An 
update.  New.  Eng.  J.  Med.  314:488-500,  1986. 

28.  Sariban,  E.  and  D.  W.  Kufe.  Expression  of  the  platelet- 
derived  growth  factor  1  and  2  genes  in  human  myeloid  cell 
lines  and  monocytes.  Cancer  Res.  48:4498-4502,  1988. 

29.  Schmidt,  J.  A.,  S.  B.  Mizel,  D.  Cohen,  and  I.  Green. 
Interleukin-1,  A  potential  regulation  of  fibroblast 
proliferation.  J.  Immunol.  128:2177-2182,  1982. 

30.  Shimakado,  K. ,  E.  W.  Raines,  D.  K.  Madtes,  T.  B. 

Barrett,  E.  P.  Bendett,  and  R.  Ross.  A  significant 
part  of  macrophage-derived  growth  factor  consists  of  at 
least  two  forms  of  PDGF.  Cell  43:227-236,  1985. 

31.  Sporn,  M.  B.  and  A.  B.  Roberts.  Peptide  growth  factors 
and  inflammation,  tissue  repair  and  cancer.  J.  Clin. 

Invest.  78:329-332,  1986. 


12 


32.  Urba,  W.  J.,  J.  W.  Clark,  R.  G.  Steis,  M.  A.  Bookman,  J.  W. 
Smith,  II,  S.  Beckner,  A.  F.  Maluish,  J.  L.  Rossio,  H. 
Rager,  J.  R.  Ortaldo,  and  D.  L.  Longo.  Intraperitoneal 
lymphokine-activated  killer  cell/ interleukin-2  therapy  in 
patients  with  intra-abdominal  cancer:  immunologic 
considerations.  J.  Natl.  Cancer  Inst.  81:602-611,  1989. 


13 


TABLE  1.  FIBROBLAST  3H-TdR  INCORPORATION  IN  RESPONSE  TO 
CYTOKINES  DERIVED  FROM  IL-2  TREATED  PBL. 

TREATMENT  3H-TdR  INCORPORATION1  (CPM^ 

noneb  3,215 

medium  with  10%  FBSb  21,908 

AIM  V  medium  alone  7,396 

supernatant  from  IL-2  treated  PBLC  21,227 


‘Mean  of  triplicate  determinations. 
bnegative  and  positive  controls  for  assay 
CPBL  were  cultured  in  AIM  V  medium  +  IL-2  (100  U/ml)  for 
4  days.  The  supernatant  was  tested  at  a  dilution  of  1:12. 
Standard  error  <  5%. 
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TABLE  2.  FIBROBLAST  PROLIFERATION  IN  RESPONSE  TO  CYTOKINES 
ELABORATED  BY  IL-2  TREATED  PBL. 


TREATMENT  OP  UNITS* 

medium  without  FBS  0.20 

medium  with  10%  FBS  1.10 

supernatant  #lb  0.74 

supernatant  #2  0.84 

supernatant  #3  0.46 

supernatant  #4  1.00 

PDGF  (5  ng/ml)  0.40 

TGF-B  (5  ng/ml)  0.95 


"Mean  of  samples  tested  in  triplicate  on  NIH  3T3 
cells  (see  Methods  for  details) . 
bPBL  from  four  individuals  were  cultured  in  AIM  V 
medium  +  IL-2  for  4  days.  Supernatants  were 
tested  at  a  1:8  dilution. 

Standard  error  <  5%. 
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TABLE  3.  DENSITOMETRIC  SCAN  OF  SLOT  BLOT  SHOWING  PROCOLLAGEN 
ORNA  EXPRESSION  BY  FIBROBLASTS  TREATED  WITH  CYTOKINES  FROM  IL-2 
TREATED  PBL. 


TREATMENT* 
none 
medium 
PBL  +  IL-2 


OP  UNITSb 
1.0 
1.4 
4.2 


‘Confluent  monolayers  of  WI38-VA13  fibroblasts  were  cultured 
overnight  in  the  absence  or  presence  of  fresh  medium  or 
supernatants  from  a  3  day  culture  of  PBL  treated  with  IL-2 . 
Slot  blots  were  prepared  with  total  cellular  RNA  (5,  2.5,  1.25 
ug)  and  hybridized  with  a  probe  for  the  a  chain  of  type  I 
procollagen. 

^Arbitrary  units  obtained  from  scanning  densitometric  analysis 
of  xray  filters. 
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TABLE  4.  COLLAGEN  SYNTHESIS  BY  FIBROBLASTS  TREATED  WITH 
CYTOKINES  FROM  IL-2  TREATED  PBL. 


TREATMENT 

none 

PBL 

PBL  +  IL-2 


COLLAGEN* 

8832 

9964 

13674 


NET  CHANGE 

+  13% 

+  55% 


*CPM  3H-proline  incorporation  into  collagen  in 
fibroblasts  treated  with  supernatants  from  PBL 
cultured  with  or  without  IL-2. 

Standard  deviation  <  10%. 
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FIGURE  LEGENDS 


FIGURE  1.  Kinetics  and  dose  response  of  growth  factor  activity 
elaborated  by  PBL  following  treatment  with  IL-2.  Confluent 
monolayers  of  NIH  3T3  fibroblasts  were  incubated  with  test  media 
as  described  in  Methods.  A)  Fibroblasts  were  treated  with 
supernatants  from  PBL  cultured  in  the  presence  or  absence  of  IL-2 
(1000  u/ml)  for  various  periods  of  time.  Supernatants  were 
tested  at  a  1:8  dilution.  B)  Dose  response  of  3H-TdR 
incorporation  in  NIH  3T3  fibroblast  following  culture  treatment 
with  a  3  day  supernatant  from  IL-2  treated  PBL.  Arrows  indicate 
the  level  of  3H-TdR  incorporation  by  fibroblasts  in  response  to 
treatment  with  medium  containing  10%  FBS .  Standard  error  <5%. 


FIGURE  2.  Dose  response  of  IL-2  on  growth  factor  production  by 
PBL.  PBL  were  treatment  with  varying  doses  of  IL-2  for  3  days 
after  which  supernatants  were  collected.  The  supernatants  were 
assayed  for  growth  factor  activity  on  confluent  monolayers  of  NIH 
3T3  fibroblasts  as  described  above.  Arrows  indicate  the  level  of 
3H-TdR  incorporation  by  fibroblasts  in  response  to  treatment  with 
medium  containing  10%  FBS.  Standard  error  <5%. 


FIGURE  3.  Induction  of  3H-TdR  incorporation  in  NIH  3T3 
fibroblasts  cultured  with  recombinant  cytokines.  Confluent 
monolayers  of  fibroblasts  were  incubated  with  various  doses  of 
TGF-B,  PDGF ,  IL-1B,  and  TNF-a .  The  arrow  indicates  the  level  of 
3H-TdR  incorporation  by  fibroblasts  in  response  to  treatment  with 
medium  containing  10%  FBS.  Standard  error  <5%. 


FIGURE  4.  Northern  blot  analysis  of  expression  of  the  a  chain  of 
type  1  procollagen  and  fibronectin  mRNAs  in  WI38-VA13 
fibroblasts.  Fibroblasts  were  cultured  for  18  hours  in  the 
presence  of  fresh  medium  or  a  supernatant  from  IL-2  treated  PBL. 
RNA  was  isolated  and  Northern  blot  analysis  performed.  The  blot 
was  first  hybridized  with  a  probe  for  the  a  chain  of  type  I 
procollagen,  then  stripped  and  rehybridized  with  a  probe  for 
fibronectin.  Finally  the  filter  was  rehybridized  with  a  probe 
for  histone  H4 . 


FIGURE  5.  Expression  of  TGF-fl  and  PDGF  B  chain  mRNAs  by  PBL. 

PBL  were  cultured  with  IL-2  for  various  periods  of  time  and 
separated  into  adherent  and  non-adherent  cells.  A)  Total 
cellular  RNA  was  extracted  from  non-adherent  PBL  and  Northern 
blot  analysis  was  performed.  The  blot  was  hybridized  with  a 
probe  for  TGF-13.  B)  RNA  was  prepared  from  adherent  PBL  cultured 
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with  IL-2.  The  blot  was  hybridized  with  a  probe  for  PDGF  B 
chain. 


FIGURE  6.  Immunoblot  analysis  of  TGF/3  and  PDGF  protein 
production  by  PBL  treated  with  IL-2.  Filters  were  prepared  with 
supernatant  fluids  from  cells  treated  with  IL-1  for  18  hours. 

The  filters  were  incubated  sequentially  with  primary  antibodies 
against  TGF0  (Panel  A)  or  PDGF  AB  (Panel  B) ,  secondary  antibody, 
which  is  biotin-conjugated,  avidin-conjugated  alkaline 
phosphatase  and  a  substrate. 
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